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Effect of 13-cis-Retinoic Acid on the Hamster Flank Organ 
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The Dermatology Section, Veterans Administration Medical Cente1~ New York, New Yorh, and the Department of Dermatology, 
N ew Yorh University School of Medicine, New Yorh, N ew Yorh, U.S.A. 
Administration of 13-cis-retinoic acid subcutaneously 
to mature male hamsters produced a marked decrease 
in the size of the sebaceous glands of the flank organ, 
without diminution of other hormonally dependent 
structures of the flank organs. Subcutaneous adminis-
tration of 13-cis-retinoic acid to female hamsters treated 
simultaneously with injections of testosterone enanthate 
prevented the androgen-induced growth of the flank 
organ sebaceous glands but did not prevent the growth 
of other hormonally dependent structures such as the 
dermal pigment cells and large pigmented hair follicles . 
The sebaceous gland progressively decreased during 3 
weeks of treatment and the effect persisted at least 3 
weeks after cessation of treatment but was completely 
reversed by 6 mos after treatment. In vitro studies of 
testosterone metabolism by hamster flank organ indi-
cated the lack of inhibition of Sa-reduction by 13-cis-
retinoic acid. It seems likely that systemically adminis-
tered 13-cis-retinoic acid, unlike antiandrogens, exerts a 
specific extrahormonal effect on the sebaceous glands of 
the hamster flank organ without affecting other andro-
gen dependent cells. 
Derivatives of vitamin A have been shown to have extraor-
dinarily diverse effects on various biological systems. They are 
known to have marked effects upon cellular differentiation, 
possess antineoplastic activities in vivo, and have therapeutic 
efficacy in a number of dermatologic diseases [1]. All trans-
retinoic acid is known to be effective for the topical treatment 
of acne, probably exerting this therapeutic action by affecting 
the epithelial lining of the infundibulum of the hair follicle, 
thereby minimizing the retention of keratin and sebaceous 
material to form comedones. 
13-cis-Retinoic acid, in addition to having therapeutic effi-
cacy in several disorders of keratinization, has been found to 
have remarkable efficacy when administered orally to patients 
with severe cystic acne resistant to other forms of therapy 
[1,2]. Patients so treated have shown a reversion of the skin 
surface lipid pattern to a prepubertal pattern [3], a finding 
consistent with the almost total inhibition of sebum production. 
Since sebum production is known to be under hormonal control, 
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Abbreviations: 
The foUowing trivial names and abbreviations are used in this 
paper:Dihydrotestosterone or DHT and 17 .B-hydroxy-5a:-andros-
tan-3-one; androsterone for 3a:-hydroxy-5a:-androstan-17-one; an-
drostanedione for 5a:-androstane-3,17,-dione; androstanediols for 
5a:-androstane-3,8,17,8-diol and 5a:-and.rostane-3a:,l7,8-d.iol. 5a:-an-
drostanedione, 5a:-androstane-3, 17-dione; androstenedione, an-
d.rost-4-en-3, 17 -diane. 
we have studied the effects of 13-cis-retinoic acid on the hamster 
flank organ, an animal model system which has been extensively 
used for the study of compounds inhibiting the response of 
sebaceous glands to androgenic hormones [ 4-7]. 
MATERIALS AND METHODS 
Mature Syrian hamsters were purchased from Charles River Labo-
ratories and kept on an ad lib diet of Purina chow and water in a room 
having a 12-hr light cycle. Males and females were kept separately in 
small cages containing 2 hamsters each. 13-cis-Retinoic acid (Ro 4-
3780) was a gift of Hoffmann-LaRoche, Inc. It was supplied both as a 
25% concentrate in an oil vehicle (70.5% soybean oil, 4.8% beeswax, 
4.8% hydrogenated soybean oil flakes, 19.4% vegetable shortening, 0.3% 
disodium edetate and 0.07% butylated hydroxyanisole) and as the pure 
dry powder. The 13-cis-retinoic acid powder, 25% concentrate and the 
vehicle used as a placebo control were stored under nitrogen at -20°C 
T estosterone enanthate injection, USP, conta ining 200 mg/ml of tes-
tosterone enanthate in sesame oil with 0.5% ch lorobutanol as preserv-
ative, was purchased from E. R. Squibb & Sons. Androst-4-en-3-one-
17 ,8-carboxylic acid was the gift of Dr. Walter Voigt. 
Prior to injection, the 13-cis-retinoic acid concentrate was brought 
to room temperature by immersion of the bottle in water. The concen-
trate or placebo oil was withdrawn with a 19 or 20 gauge needle and 
administered by subcutaneous injection at a site distant from the flank 
organs. Animals were inj ected every third day for a period of 3 weeks. 
In experiments using females, 40 mg of testosterone enanthate was 
injected concurrent ly with the first administration of the 13-cis-retinoic 
acid concentrate or placebo. The testosterone injection was repeated 
weekly during the course of the experiment. 
After 3 weeks of treatment the animals were sacrificed by ether 
anesthesia and the dorsal skin removed and examined for the presence 
of pigmentation. A 6-mm punch was taken through the area of the 
flank organ, fixed in 10% buffered neutral formalin and processed by 
routine histologic techniques. Sections 6 !l in thickness were stained 
with hematoxalin and eosin. 
Tissue Incubation 
Paired flank organs from a hamster were minced and incubated with 
testosterone-4-'"C(10.2 nms, 1.3 x 10" dpm), as previously described [8] 
in the presence or a bsence of 13-cis-retinoic acid (1 mg/ml) , added as 
the dry powder, and androst-4-en-3-one-17 ,8-carboxylic acid (40 >Lg/ m.l) . 
The incubation was terminated by the addition of carrier steroids and 
15 ml of a mixture of methanol: dich.loromethane (2:1). The tissue and 
incubation mix were extracted as previously described [8], with recovery 
of more than 90% of the added radioactivity. 
Chromatography 
The amounts of radioactivity converted to dihydrotestosterone 
(DHT), androsterone, androstenedione, 5a-androstanedione and 5a:-
androstanedio ls were determined by liquid scintillation count ing follow-
ing separa tion of these metabolites by chromatography in systems PG 
and TPG [9]. 
RESULTS 
Effect of 13-cis-Retinoic Acid on Flank Organs of Mature 
Male Hamsters 
13-cis-Retinoic acid (24 mg) or an equivalent volume of 
placebo oil were administered subcutaneously to mature male 
hamsters every third day for a period of 3 weeks. At the 
termination of the experiment the flank organs of both groups 
remained pigmented; however, those of animals treated with 
13-cis-retinoic acid appeared to have less palpable bulk. 
Histologic examination showed a marked difference in the 
flank organ of the 13-cis-retinoic acid treated animals from that 
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of the placebo treated animals. As shown in Fig lA, the male 
hamsters treated with placebo oil had normal flank organs with 
laTge sebaceous glands, dermal pigment cells and large, heavily 
pigmented hair follicles. In contrast, those treated with 13-cis-
retinoic a-::id showed (Fig 1B) a marked diminution in the size 
of the sebaceous glands, which are difficult to appreciate under 
low power. The flank organ area of these animals contained 
both dermal pigment cells and large pigmented hair follicles 
but the sebaceous glands (Fig J.C) were tiny appendages to 
rather large atypical looking hair follicles. Fwthermore, the 
sebaceous gland cells showed ]jttle ]jpid accumulation and an 
accentuation of basaloid cells at the periphery. Many of the 
cells in the sebaceous glands showed eosinophilic cytoplasm. 
In a separate experiment the time comse of inhibition of the 
sebaceous glands by 13-cis-retinoic acid was studied. By inject-
ing 24 mg every third day, a defmite decrease in sebaceous 
gland size was noted at 1 week (Fig 2A) . Glands appeared 
shallow and many showed an increase in the rim of baseloid 
c ells. By two weeks (Fig 2B) the glands were fmther diminished 
in size and lipid vacuoles were less evident in the central 
portion. At tluee weeks (Fig 2C) the previously noted changes 
were found . 
Effect upon the Androgen Stimulated Growth of the Female 
_Flanh Organ 
The finding that the size of the sebaceous glands of the male 
flank organ was inhibited by systemically administered 13-cis-
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retinoic acid without a corresponding effect upon other hor-
mally dependent structmes such as the dermal pigment cells 
and large pigmented hair follicles, suggested that 13-cis-retinoic 
acid might have a specific effect upon sebaceous gland growth 
distinct from any hormonally mediated effect. In order to 
examine this possibility, female hamsters having relatively un-
developed flank organs were treated with 13-cis-retinoic acid or 
placebo oil, as described above, concmrently with the admin-
istration oftestosterone enanthate sufficient to cause maxin1ally 
stimulated flank organ growth. 
As shown in Fig 3A, the placebo oil had ]jttle effect upon the 
testosterone mediated growth of the female flank organ. The 
unstimulated female flank organ showed a few follicles with 
slightly enlarged sebaceous glands present in the center of the 
flank organ and some dermal pigmentation sunounding these 
follicles. The administration of testosterone enanthate resulted 
in the massive growth of the sebaceous glands accompanied by 
an increase in dermal pigmentation and the development of 
many large pigmented hair follicles (Fig 3B). Thus, all 3 hor-
monally dependent components of the flank organ were stim-
ulated. The sebaceous glands induced by the administration of 
testosterone were normal, lipid filled, and had a thin basaloid 
germinative population at the periphery. 
When 13-cis-retinoic acid was administered concunently 
with testosterone stimulation of the flank organ, the areas 
appeared to pigment normally but, as in the case of the male 
flank organs, developed less bulk. Histologically (Fig 3C and 
Frc l. A, Normal male tlank organ. Note perifollicular pigment cells, large pigmented hair follicles and large sebaceous glands. (reduced from, 
X 35). B, Flank orga~ of hamster treated with 13-cis-retinoic acid. Note the presence of perifollicular pigment cells, large pigmented hair follicles, 
and the marked dumnutwn 111 stze of the sebaceous glands (reduced from, X 35). C, Flank organ sebaceous glands of a hamster treated wi th 13-
cis-retinoic acid . Note the marked decrease in size with the relatively few differentiated sebocytes and the larger percentage of basaloid cells at 
the periphery. (reduced from, X 100). 
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FI G 2. A, Flank organ of a mature male hamster a fter 1 week of being t reated with 13-cis- retinoic acid (reduced from, x 35). B , Flank organ 
of a malurc male ha mste r afte r 2 weeks of Lherapy with 13-cis-retinoic acid (reduced from, X 35). C, Flank organ of a mature male hamster afte r 
:J weeks of therapy wit h 13-cis-retinoic ac id (reduced from , X 35). 
Fig 4) they showed a pictme similar to that seen in males 
treated with 13-cis-retinoic acid . Many large pigmented hair 
follicles and dermal pigment cells were present but the seba-
ceous gla nds were reduced to small nubbins attached to rather 
atypical looking hair follicles. Within these small sebaceous 
glands t here were few full y differentiated sebaceous cells; most 
of the cells contained little lipid and ma ny were basaloid in 
character. The small atyp ical sebaceous gla nds (Fig 4A and 4B) 
were in marked contrast to the large heavily pigmented hair 
fo llicles (Fig 4C) which developed in response to testosterone 
administration, despite the administra tion of the 13-cis-retinoic 
acid. 
R eversibility of 13-cis-Retinoic Acid Effect 
To determine whether these effects of 13-cis-retinoic acid 
were reve rsible, experiments were carried out in which hamsters 
were t reated with 13-cis-retinoic acid according to the above 
regimen for a period of 3 weeks. Specimens for histology were 
ta ken three weeks following the cessation of therapy (Fig 5A). 
At that time t here was still marked diminution of sebaceous 
gla nd s ize. S ince the ad ministered 13-cis-retinoic acid was con-
ta ined in an oil base and the rate of release of the active dr ug 
from th e injection site is not known , an experiment was canied 
out in which hamsters were treated with 13-cis-retinoic acid for 
a period of 3 weeks and the right flank organ excised under 
ether a nesthesia. The hamsters were then allowed to recover 
from the anesthesia and maintained without furt her treatment 
for a period of approximately 6 mo. At that time they were 
sacrificed and the left f1 ank organ excised . At the cessation of 
therapy, the right flank organ showed the characteristic cha nges 
resulting fTom the effect of 13-cis-retinoic acid. At the t ime of 
sacrifice 6 mo later the left flank organ appeared entirely normal 
with large well-differentiated sebaceous gla nds, as well as the 
normal dermal pigmentation a nd large pigmented hair follicles 
(Fig 5B). It thus appears that the effect of 13-cis-retinoic acid 
on the sebaceous glands of the hamster flank orga n is reversible 
eve ri at t hese extremely high doses. 
Lach of Effect on Flanh Organ Set-Reductase 
Despite the in vivo evidence suggesting that the effect of 13-
cis-retinoic acid of sebaceous glands was unlikely to be due to 
an effect on the hormonal stimulation of these end organs, the 
effect of this compound on 5ct-reductase was determined in 
vitro. 
Paired fla nk organs from hamsters were incubated with tes-
tosterone-414C in the presence and a bsence of 13-cis-retinoic 
acid (1mg/ rnl) and a known 5a-reductase inhibitor , a nd.rost-4-
en-3-one-17 ,8-carboxylic acid [6]. The Table sh ows the metabo-
li tes isolated from such incubations. There is no significant 
difference in the metabolites formed or on the total 5a-reduc-
tion occW"ring in the presence and absence of 13-cis-retinoic 
acid . In contrast, addition of a much lower concentration (40 
/-(g/ml) of androst-4-en-3-one-17 ,8-carboxylic acid inhibited t he 
metabolism of testosterone to 5a-reduce steroids by approxi-
mately 80%. These data support the histologic studies which 
indicate that the inhibitory l!ction of 13-cis-retinoic acid differs 
in mechanism from t hat of Sa-reductase inhibitors. 
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DISCUSSION 
Vitamin A and its derivatives are known to have diverse 
effects in various biological systems. The studies by Peck and 
co-workers [1 ,2] have suggested that 13-cis-retinoic acid has 
t h erapeut ic benefits in a number of umelated diseases including 
disorders of keratinization and cystic acne. Studies of the com-
position of t he surface lipids in patients under t reatment with 
13-cis-retinoic acid [3] suggest that its mode of action in acne 
may be a marked reduction of sebum production. Inhibition of 
sebum production by inhjbition of androgen formation or by 
t h e systemic ad ministration of antiandrogens ar e rational, if 
somewhat extreme, forms of therapy for severe acne. The 
search for a clinically useful antiandrogen which either has 
topical efficacy or is specific for cutaneous end organs has not 
proved frui tful. 
The retinoids are structm ally unrelated to the androgenic 
hormones and would seem unlikely candidates to inhibit andro-
gen response by in terference with the known steps of androgen 
action, such as the conversion of testosterone to the active 
metabolite, dihydrotestosterone, or the binding of androgens to 
receptor proteins. Nevertheless, retinoic acid has been shown 
to compete with estrogen for binding to an estrogen binding 
protein of the rat preputial gland [10]. It t herefore seems 
important ot determine whether the action of 13-cis-retinoic 
acid on sebaceous glands is mediated via a mechanism affecting 
a ndrogen response by cutaneous end organs or by some oth er 
unrelated extrahormonal effect. 
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We have studied the effect of 13-cis-retinoic acid in an an imal 
model system which has been widely used for the study of 
an t ia ndrogenic compounds. S ince the hamster fl ank organ has 
not only sebaceous glands which are androgen responsive bu t 
also cell populations which respond by the production of large 
pigmented hairs and derma l pigment cells, it is a potentially 
useful system for distinguishing between effects of a hormone 
antagonist and effects of an inhibitor acting upon a specific cell 
population at an extrahormonal locus. Systemically ad minis-
tered 13-cis-retinoic acid causes involu tion of t he large seba-
ceous glands present in t he fl ank organ of a mature male 
hamster without a comparable effect on and rogen dependent 
pigment cells or hair follicles. This involu tion is rapid , with 
disce rnible effects present within one week of administration 
and a marked effect by tlu-ee weeks following administration. 
The histologic effect of 13-cis-retinoic acid upon the seba-
ceous glands of the hamster flank organ differs from that 
observed fo llowing castration [11]. On castration of mature 
male ha msters, t here is a rapid decrease in the turnove r of the 
germinative population at the periphery of t he gland but con-
tinued maturation and a utolysis of cells wi thin the cen ter of 
the gland , so that t he gland does not initially decrease in size 
bu t becomes progressively filled with eosinophilic debris sur-
rounded by a rim of lipid filled sebaceous cells. The au to lytic 
material in the center of t he gland increases over a period of 
days until it is shed through the follicular orifice a nd, by the 
second week following castration, there ar e widely dilated fol-
licular infundibulae with small bu t orderly and normal appear-
Ft c 3. A , Flank organ of a mature fema le ha mster (reduced from, X 35). B, Fla nk organ of a mature fema le ha mster afte r 3 weeks of 
testoste rone enanthate treatment (reduced from, X 35). C, Flank organ of a mature fe ma le hamster after 3 wee l·s of comb ined treatment with 
testoste rone enanlhate a nd 13-cis-rctinoic ac id (reduced from, x 35). ' 
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F IG 4. A , High-power view of the fl ank organ sebaceous glands of a mature fe ma le ha mster after 3 weeks of t reatment wi th testosterone 
enantha te a nd 13-cis-retinoic acid. Note the marked diminution in size of the sebaceous glands a nd the abundant dermal pigment ce lls and 
heavily pigmented hair follicles (redu ced from, X 100) . B, High-power view of the sebaceous glands showing the relative ly few fu lly d ifferentiated 
sebocytes and the heaping up of basa loid ce lls at the periphery (reduced from, X 400). C, High-power view of the gia nt pigmented ha i_r follicles 
present in the subcutaneous tissue of the above flank organ (reduced from , x 100). 
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FIG 5. A, Flank organ of mature male hamster three weeks after 
cessation of treatment with 13-cis-retinoic acid. (reduced from, x 35). 
B, Flank organ of mature male hamster 6 mon after cessation of 
treatment with 13-cis-retinoic acid. (reduced from, x 35). 
Effect on in vitro Scx- R educt.ion of T estosterone 
5o- Metabolite pro-
Amount. formedu 
duced Control 13-cis-HA'' 17{3-C'" 
5a·andros ta nedione 214 245 37 
Androsterone 238 153 40 
Oihydrotestosterone 515 57 1 121 
Androslanedi ols 853 834 152 
Tota l 1,820 (100%) 1,803 (99%) 350 (19%) 
" pmoles of metaboli tes(% of control) formed by pa ired fl ank organs incubated 
as described in the Methods. 
1
' 13-cis- Hetinoic Acid (I mg/ ml) . 
,. Androsl-4-en-3-o ne-17{J-carboxy lic acirl (40 l'g/ m.l) . 
ing sebaceous glands attached. The gross pigmentation of the 
fla nk organ decreased over a period of approximately 3 weeks 
but dermal pigmentation and large pigmented hair follicles can 
still be found in the center of the gland for varying periods of 
time. 
The finding that the size of t he sebaceous glands was mark-
edly decreased by 13-cis -retinoic acid without a corresponding 
diminution of pigmented hair foUicl es suggested that it might 
have a specific effect upon sebaceous glands without effects on 
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other hormonally dependen t cell populations. One alternative 
explanation would be that all hormonally dependen t activities 
were inhibited but th at the turnover of sebaceous glands is such 
that the effect is noticeable within three weeks whereas the 
previously formed pigment and hair follicles r em ain unch anged 
for that period . This explanation is not tenable since studies of 
the effect of 13-cis-retinoic acid on the androgen stinmlated 
growth of the female flank organ indicate that there is a m arked 
inhibition of the growth of the sebaceous glands without a 
corresponding inhibition in the formation of pigment or of large 
pigmented hair follicles. 
Another alternative explanation would be that 13-cis-retinoic 
acid either is concentrated in th e sebaceous glands, thereby 
having a local effect, or that it is converted in t he sebaceous 
glands into an active metabolite which is not produced in the 
other androgen r esponsive cells . Our studies cannot determine 
whether these alternative explanations are correct but t h ey 
seem less likely than that 13-cis-retinoic acid exerts its action 
on sebaceous glands at an extrahormal site by a mechanism 
different from the action of an a nt iandrogen. 
It is difficult to extrapolate from these studies. to effects seen 
in humans because ofthe different dosages used. 13-cis-Retinoic 
acid is a very unstable compound and is stabilized in this 25% 
oil suspension immediately foUowing its synthesis. The dosages 
m ent ioned previously are those ad ministered, not necessarily 
those absorbed by t he a nimal from t he injection site. Indeed, it 
is likely t hat only a portion of what is administered by this 
technique is absorbed . Thus, we cannot say what minimal doses 
of 13-cis-retinoic acid will give t he effects observed. 
It is hoped that with addi t ional refinement to permit oral 
a dministration and more objectively quantify responses, ham-
ster flank organ will prove a useful tool for the screening of t he 
large number of retinoic derivatives available for those with 
promise in th e therapy of acne. 
The authors wish to thank Ann Powell for her technical assistance. 
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